The crystal structures of triethyl-1,3,5-triazine-2,4,6-tricarboxylate (I), triethyl-1,3,5-benzenetricarboxylate (II) and tris-2-hydroxyethyl isocyanurate (III) have been determined from conventional laboratory X-ray powder diffraction data using the differential evolution structure solution technique. The determination of these structures presented an unexpectedly wide variation in levels of difficulty, with only the determination of (III) being without complication. In the case of (I) structure solution resulted in a Rietveld refinement profile that was not ideal, but was subsequently rationalized by single-crystal diffraction as resulting from disorder. Refinement of structure (II) showed significant variation in sidechain conformation from the initial powder structure solution. Further investigation showed that the structure solution optimization had indeed been successful, and that preferred orientation had a dramatic effect on the structure-solution Rfactor search surface. Despite the presence of identical side chains in (I) and (II), only the triazine-based system retains threefold molecular symmetry in the crystal structure. The lack of use of the heterocyclic N atom as a hydrogen-bond acceptor in this structure results in the formation of a similar non-centrosymmetric network to the benzene-based structure, but with overall three-dimensional centrosymmetry. The hydrogen-bonded layer structure of (III) is similar to that of other isocyanurate-based structures of this type.
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Introduction
The control of solid-state supramolecular synthesis and the design of functionalized materials is the ultimate aim of any crystal engineering strategy. However, the incorporation of desirable structural features through the transfer of molecular symmetry to crystal symmetry is an element of crystal structure design that is often overlooked. One area in which this aspect has been successful is in the design of octupolar nonlinear optical (NLO) materials based on a series of isocyanurate and triazine compounds with C 3 molecular symmetry (Thalladi et al., 1997 (Thalladi et al., , 1998 (Thalladi et al., , 1999 . A feature of these materials is the formation of a two-dimensional trigonal noncentrosymmetric network that is characterized by orientation of the molecules within the plane such that the alternating 'unlike' ring substituents are pointing directly towards each other (Thalladi et al., 1998) . In the majority of these structures C 3 molecular symmetry is retained in the crystal packing, although structures with reduced symmetry can also form this distinctive trigonal network (Thalladi et al., 1997) . The construction of this 'local' acentric structural feature is an important intermediate stage in the design of these materials (Panunto et al., 1987) , but the non-centrosymmetry must be extended into the bulk structure in order for the material to display NLO properties such as second harmonic generation.
As part of our on-going research programme into the development of structure solution methods from powder diffraction data, we have studied a series of similar materials all based on a central isocyanurate, triazine or benzene unit and potentially displaying C 3 molecular symmetry. Here we report the structure determination of three such compounds, triethyl-1,3,5-triazine-2,4,6-tricarboxylate (I), triethyl-1,3,5-benzenetricarboxylate (II) and tris-2-hydroxyethyl isocyanurate [also known as 1,3,5-tris(2-hydroxyethyl)cyanuric acid] (III) (see scheme) from laboratory X-ray powder diffraction data. All three materials contain flexible side chains and can therefore either retain their molecular symmetry in the crystal structure or reduce their symmetry through conformational variation. The presence of identical ethyl carboxylate side chains in (I) and (II) also enables us to make a direct comparison of the triazine-and benzene-based structures, with the absence of any strong hydrogen-bond donors giving an insight into the influence of weak hydrogen bonding on the crystal packing in these compounds. Although few previous comparisons have been made between other analogous systems, distinct differences in crystal structure are observed, with the central triazine or benzene unit playing a defining role in supramolecular packing; i.e. the dominant CHÁ Á ÁN planar layer network in 2,4,6-triethynyl-1,3,5-triazine (Ohkita et al., 2002) is replaced by a CHÁ Á Á folded layer structure in 1,3,5-triethynylbenzene (Weiss et al., 1997) , whereas the difference in packing density between the tris-dithiadiazolyl derivatives 1,3,5-C 6 H 3 (CN 2 S 2 ) 3 and C 3 N 3 (CN 2 S 2 ) 3 , and the use of a more symmetrical packing motif in the triazine-based structure, can be attributed directly to the contrast between NÁ Á ÁS and CHÁ Á ÁS buffering interactions between neighbouring molecules (Cordes et al., 1993) .
The structure determination of molecular materials from powder diffraction data is now becoming an established but, as illustrated in this paper, not a routine process. The majority of molecular structures are solved using direct-space structure solution methods (Harris et al., 2001; David et al., 2002; Tremayne, 2004) , which generate trial crystal structures utilizing molecular connectivity in the structure solution calculation, and assess the fitness of each structure by direct comparison between its calculated diffraction pattern and the experimental data. Global optimization methods are used to guide the calculation locating the minimum of the search hypersurface corresponding to the structure solution. A number of different optimization methods have been used in structure solution from powder data, including both sequential and evolutionary algorithms (Newsam et al., 1992; Harris et al., 1994; Andreev et al., 1996; Kariuki et al., 1997; David et al., 1998; Cheung et al., 2002; Favre-Nicolin & Cerny, 2002; Johnston et al., 2002; Pagola et al., 2000) . In this paper we have used an evolutionary algorithm based on differential evolution (DE) optimization (Price, 1999) , a technique that has been applied successfully to the structure determination of several molecular materials from powder diffraction data Tremayne et al., 2002b) . DE is a relatively new algorithm that creates new members of the population by recombination and mutation of randomly selected members of the current population, forming a new generation via a purely deterministic method of selection. The recombination and mutation processes are carried out in a single step, with the levels of each term controlled using parameters K and F, respectively . Adjustment of the K and F parameters (taking values between 0 and 1) enables straightforward control of the search dynamic, the only other user-defined parameter being population size. The small number of optimization parameters means that this is a simple method to use and implement, while offering a robust searching of minima with the algorithm adapting to the hypersurface as time proceeds.
As described elsewhere (Harris et al., 2001; Tremayne, 2004) , the complexity of a direct-space structure solution calculation depends predominantly on the number of variables required to define the structure (i.e. the number of independent molecules or the degree of conformational flexibility) rather than the number of atoms in the asymmetric unit. Hence, in principle, the complexity of structure solution for the three compounds (I)-(III) should be comparable, with the only significant differences arising from symmetry considerations. However, as detailed below, the determination of these three structures from powder diffraction data presented us with widely varying levels of difficulty, with only the structure determination of (III) being without complication. Despite the optimization process in the structure solution of (I) being made significantly easier through the retention of symmetry within the molecule, the effects of disorder led us to the use of single-crystal diffraction for full rationalization of the structure and confirmation that the initial powder struc-ture was indeed correct. The structure determination of (II) from powder diffraction data has been previously reported , although neither a description of the crystal structure or details of the structure solution calculation were given. In this case significant changes in side-chain conformation were observed during refinement, the implications of which will be discussed later. We present our results from a more detailed investigation of this structure solution calculation and the R factor hypersurface involved, showing the effect that factors such as preferred orientation or choice of structural model can have on success. The crystal structure of (II) has since been redetermined, and confirmed within experimental error, at 150 K, using single-crystal diffraction methods (Dale & Elsegood, 2003) .
Structure solution and refinement
Samples of (I)-(III) were purchased from Aldrich (UK) and used directly as received. Experimental details of the powder [for (I)-(III)] and single-crystal X-ray diffraction data collection [for (I)] are given in Tables 1 and 2, respectively.
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For both (I) and (II), a number of powder diffraction data sets were collected in both transmission disc and capillary geometry, with the variation in relative intensities between these data sets identifying the preferred orientation as a major consideration. The data sets used for structure characteriza- Computer programs used: POSSUM , GSAS (Larson & Von Dreele, 1987) , CRYSFIRE (Shirley, 2000) , DIAMOND (Brandenburg, 2005) . † Parameters from low-temperature single-crystal study (Dale & Elsegood, 2003) . ‡ DE structure solution in P6 3 .
tion were collected using samples that were ground, sprinkled and then pressed between two layers of transparent tape and mounted in disc geometry.
2.1. General methods 2.1.1. Powder X-ray diffraction. The powder diffraction patterns collected for compounds (I)-(III) were indexed using the CRYSFIRE package (Shirley, 2000) on the basis of the first 20 observable peaks, and a space group was assigned to each material by consideration of systematic absences. For each structure, the profile parameters and lattice parameters were refined by the whole profile fitting LeBail method in the program GSAS (Larson & Von Dreele, 1987) . Structure solution was then performed using the differential evolution method as implemented in the program POSSUM . The parameters used in structure solution and refinement of (I)-(III) are summarized in Table 1 , and details of the solution process for each structure given below.
All three structures were refined using the GSAS program package (Larson & Von Dreele, 1987) . The positions of all atoms were refined subject to soft constraints (weighting factor of 0.001 for bond distances and 0.005 for geminal nonbonded distances) on standard geometry. The methyl H atoms in (I) and (II) were placed in positions considering standard tetrahedral geometry, staggered conformation and symmetry constraints in the case of (I), whereas the hydroxyl H atoms in (III) were placed in positions calculated from the coordinates of the hydrogen-bond donors and acceptors. For the non-H atoms, isotropic atomic displacement parameters were refined constrained according to atom type or environment. Refinement of (I) and ( Final observed (circles), calculated (solid line) and difference (below) Xray powder diffraction profile for the final Rietveld refinement of (a) (I), (b) (II) and (c) (III). Reflection positions are also marked. Computer programs used: SHELXL97 (Sheldrick, 1997) .
are shown in Fig. 1 and the final agreement factors from refinement are given in Table 1 . 2.1.2. Single-crystal X-ray diffraction. The data were processed using SAINT-Plus (Bruker, 2001) , and the structure of (I) was solved and refined using SHELXL97 (Sheldrick, 1997) . The non-H atoms were refined anisotropically, whereas the H atoms were placed in calculated positions and refined using a riding model, with atomic displacement parameters of 1.2 times those of the atoms they are bonded to. Further details are given in Table 2. 2.2. Details of structure solution 2.2.1. Triethyl-1,3,5-triazine-2,4,6-tricarboxylate (I). In the case of (I) both P6 3 and P6 3 /m were identified as possible space groups, although both required the imposition of symmetry constraints, i.e. location of the molecule around the ( 1 3 , 2 3 , z) axis in P6 3 or with additional mirror symmetry in P6 3 /m (on a À6 site). High-resolution solid-state 13 C NMR spectroscopy confirmed the presence of threefold symmetry within the molecule, indicating only four crystallographically distinct carbon environments. Structure solution was initially attempted in the lower-symmetry P6 3 , so as to minimize the use of constraints and avoid possible imposition of incorrect symmetry. The structural model of (I) used in the DE calculation comprised a third of the molecule constructed using standard bond lengths and angles, excluding the methyl H atoms. Structure solution required rotation of the structural model around the ( 1 3 , 2 3 , z) axis, with conformational flexibility described by three freely rotating bonds, as shown in the scheme. Thus, each member of the population consisted of four DE elements, with the population size fixed at 60 members. Five DE calculations were carried out, with K = 0.99 and F = 0.4. All five runs converged to within 0.2% of the R wp of the best solution, which was clearly distinguishable from the average random structures generated in the DE calculation (Table 1 and Fig. 2a) . The conformation of this solution had both the carboxyl and alkyl parts of the flexible chain in the plane of the central aromatic ring (with the alkyl H atoms staggered above and below), suggesting that the correct space group is P6 3 /m with the molecule lying on a mirror plane. The structure was translated onto the mirror plane at the À6 site and refined in P6 3 /m as described in x2.1.1.
It is clear from Fig. 1(a) that the fit of this crystal structure to the X-ray powder diffraction data is not ideal. Fortunately, the sample contained some small crystals of suitable quality The molecular conformation of (II) from the DE solution (green), the final refined structure (blue) and the published single-crystal structure (red). The atom-labelling scheme is also shown.
for structure determination from single-crystal X-ray diffraction data. This subsequent analysis identified the presence of potential disorder in the structure (x3.1.1), and clearly confirmed that the crystal packing obtained by powder methods was correct (the minimum, maximum and mean distances between pairs of corresponding atoms in the singlecrystal and powder structures are 0.05, 0.16 and 0.10 Å respectively). However, in combination with the effects of preferred orientation and inhomogeneity in this sample, we were unable to model the disorder sufficiently well to improve the Rietveld profile.
Triethyl-1,3,5-benzenetricarboxylate (II).
The structural model of (II) used for structure solution comprised the complete molecule constructed using standard bond lengths and angles, excluding the methyl H atoms. Hence, structure solution required variation of 15 structural parameters: three for translation and three for orientation of the molecule in the unit cell, with the remaining nine parameters used to describe the conformation of the three side chains as shown in the scheme. Thus, each member of the population consisted of 15 DE elements with the population size fixed at 300 members. Five DE calculations were carried out, with K = 0.99 and F = 0.3, four of which resulted in the same solution, with a significantly lower R wp value than other structures generated during the DE calculation (Table 1 and Fig. 2b ). This structure solution was used as a starting point for successful Rietveld refinement (Fig. 1b) . The resulting structure is in good agreement with that obtained from the subsequent lowtemperature single-crystal diffraction study (Dale & Elsegood, 2003;  Fig. 3 ), given the significant temperature difference between the two studies (the minimum, maximum and mean distances between pairs of corresponding atoms are 0.27, 0.82 and 0.50 Å , respectively).
However, comparison of the molecular geometry of the structure obtained from the DE calculation and that in the final refined structure shows significant deviation in conformation in two of the side chains (Fig. 3) . This deviation can be quantified by consideration of the difference (Á) in torsion angle values between the two structural models; Á(C5-C13-O6-C14) = 70 , Á(C13-O6-C14-C15) = 93 , Á(C3-C10-O4-C11) = 24
and Á(C10-O4-C11-C12) = 110
. To investigate whether these differences in molecular conformation arise from differences in the solution and refinement hypersurfaces and to confirm that the DE calculation had indeed located its global minimum, a series of grid search calculations were carried out to enable complete construction and visualization of these hypersurfaces. As optimization techniques such as DE are efficient search algorithms, a separate grid search was needed for systematic variation of the side chains under consideration, i.e. intramolecular rotation about the C13-O6, O6-C14, C10-O4 and O4-C11 bonds, respectively, so that both the relevant solution and refinement hypersurfaces could be fully explored. Using the DE structure solution and the final refined structure as starting models, each torsion angle was rotated independently in steps of 0.5 , with the rest of the molecule unchanged. These calculations were performed with and without the inclusion of the final refined preferred orientation correction to assess the effect of this parameter on the hypersurface (Fig. 4) .
These figures illustrate a number of important factors that should be taken into consideration during the structure determination process and explain the behaviour of this structure during refinement: (a) the DE calculation is successfully locating the minima of the hypersurface that it searches, although some of the minima associated with the rotation of the end groups are broad and ill-defined, (b) introduction of a preferred orientation parameter in the DE calculation raises the R wp values of the minima but does not have a significant effect on their positions, (c) inclusion of preferred orientation in refinement results in an overall hypersurface with lower R wp (as expected), but with a significant shift in the position of the minima, (d ) the minima in each refinement hypersurface are sharper than those seen in the DE calculations, (e) there is a distinct difference between the position of the minima in the DE and refinement surfaces when compared both before and after the preferred orientation correction has been applied. These observations clearly illustrate the drastic effect that both slight movement and relaxation of molecular geometry, and other factors such as preferred orientation (and the associated shift of global minima), can have on successful structure determination, highlighting the need for a full Rietveld refinement after structure solution.
2.2.3. Tris-2-hydroxyethyl isocyanurate (III). The structural model of (III) used for structure solution was constructed in a similar way to that for (II), excluding the hydroxyl H atoms, such that six freely rotating bonds were needed to describe the conformational flexibility of the molecule (see scheme). The lack of crystallographic symmetry in this molecule was confirmed using high-resolution solid-state 13 C NMR spectroscopy, which clearly showed distinct peaks for each C-atom environment. Structure solution required consideration of 12 elements and a population size of 120 was used. The DE calculation was run five times using the control parameters K = 0.99 and F = 0.5, and returned a clearly distinguishable solution (Table 1 and Fig. 2c) . This structure was then successfully refined as described earlier (Fig. 1c) .
Description of the structures
The description and rationalization of (I) and (II) are based on the crystal structures obtained from the single-crystal diffraction data [from Dale & Elsegood, 2003, for (II) ], whereas discussion of structure (III) is based on that from the powder data.
3.1. Molecular conformations 3.1.1. Triethyl-1,3,5-triazine-2,4,6-tricarboxylate (I). The molecular conformation of (I) is planar (all non-H atoms lie on a mirror plane), and the molecule retains threefold molecular symmetry (Fig. 5) . Displacement ellipsoids for all the non-H atoms are elongated in the direction perpendicular to the plane of the molecule, the largest elongation being that for O2. This clearly indicates the presence of disorder in the structure, with the short bond distances [C4-C5 = 1.423 (5) and C2-O2 = 1.173 (5) Å ] also consistent with a disordered model. The planar symmetrical conformation in (I) is similar to that in both the tris(dimethylamino) derivative (Bullen et al., 1972) and the -polymorph of the trimethoxy derivative (Fridman et al., 2004) , the latter of which also displays elongation of the ellipsoids perpendicular to the molecular plane.
The conformation of the ethyl carboxylate side chains in (I) is also comparable to that seen in (II) [see Table 3 Table 3 Selected intramolecular torsion angles ( ) for (I)-(III).
Figure 5 An ORTEPIII (Burnett & Johnson, 1996) view of (I), showing the atomlabelling scheme. Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radii.
tricarboxylate (Azumaya et al., 2004) in which there are only slight deviations from planarity with the aromatic ring. 3.1.2. Tris-2-hydroxyethyl isocyanurate (III). The molecular dimensions of (III) are similar to those obtained from powder refinements of analogous compounds, with intramolecular bond lengths and angles showing no unusual features (Fig. 6) . The conformation of (III) is similar to that of the majority of other isocyanurate structures, with two of the hydroxyethyl groups oriented on one side of the heterocyclic ring, whilst the third points in the other direction. Despite pointing in opposite directions with respect to the ring, two of these hydroxyethyl side chains have a similar conformation, whereas the third group, which is involved in more intermolecular hydrogen bonding than the other two (x3.2.2), displays a conformation that is approximately perpendicular to the plane of the ring (Table 3) .
3.2. Supramolecular aggregation 3.2.1. Triethyl-1,3,5-triazine-2,4,6-tricarboxylate (I). The supramolecular structure of (I) can be rationalized in terms of a single soft C-HÁ Á ÁO C hydrogen bond. Atom C5 at (x, y, z) acts as a donor via H5A to atom O2 at (2 À y, x À y, z), while atom O2 at (x, y, z) acts as an acceptor of H5A at (2 À x + y, 2 À x, z). Propagation of this hydrogen bond with the threefold symmetry of the molecule [(1 À y, x À y, z) and (1 À x + y, 1 À x, z)] means that each molecule is surrounded by six others. This results in the formation of a hydrogenbonded sheet parallel to (001), containing alternating R The refined molecular structure of (III), showing the conformation and atom-labelling scheme. sheets stack along the c axis, at an interlayer distance of 3.382 (1) Å (Fig. 8) . These layers are staggered by x = À Although triethyl-1,3,5-benzenetricarboxylate (II) in the structure of the molecule itself does not display any molecular or crystallographic symmetry, the crystal packing of (II) is similar to that of (I). The crystal structure of (II) is also controlled by C-HÁ Á ÁO interactions, and forms a hydrogenbonded sheet parallel to (001) in which each molecule is surrounded by six others, generating alternating R (Table 4) .
Tris-2-hydroxyethyl isocyanurate (III).
In (III) the supramolecular structure is determined by eight hydrogen bonds: four soft C-HÁ Á ÁO C hydrogen bonds and four hard hydrogen bonds, three of O-HÁ Á ÁO(hydroxyl) type and one O-HÁ Á ÁO C type (Table 4 ), such that all strong hydrogenbond donors and acceptors are utilized in the intermolecular network.
All but one of these hydrogen bonds are involved in the formation of a hydrogen-bonded sheet lying in the (001) plane. Each molecule is connected to four other molecules within the sheet via C-HÁ Á ÁO hydrogen bonds (denoted d, e, f and g) with the interactions to two of these molecules reinforced by O-HÁ Á ÁO hydrogen bonds (denoted k, l and m) (Fig. 9) . The hydroxyl O12 at (x, y, z) acts as a double hydrogen-bond donor, via H12, to carbonyl atom O2 (bond k) and hydroxyl O32 (bond l) at (2 À x, Ày, Àz), while also acting as an acceptor from atom O52 via H52 (bond m) at (1 À x, Ày, Àz). These interactions result in the formation of a ribbon running in the [100] direction, reinforced by atoms C1 and C11 in the molecule at (x, y, z) acting as hydrogen-bond donors to carbonyl atoms O2 (bond d ) at (2 À x, Ày, Àz) [forming an R 2 2 (10) ring] and O6 (bond g) at (1 À x, Ày, Àz) [forming an R 2 2 (12) ring]. The ribbons are then linked together into a hydrogen-bonded sheet through two R 2 2 (12) rings formed by atoms C31 and C51 at (x, y, z) acting as hydrogenbond donors to O4 (bonds e and f ) in molecules (2 À x, 1 À y, Àz) and (1 À x, Ày, Àz), respectively (Fig. 9) . These sheets are held together by a fourth strong hydrogen bond in which O32 at (x, y, z) acts as a donor via H32 to O52 at (
This hydrogen bond produces a C(10) chain motif running parallel to the [101] direction generated by the n-glide (Fig. 10) .
Although the layer structure of (III) is distinct from the supramolecular packing seen in the majority of other symmetrically tri-substituted isocyanurate materials, the structure within the layers is almost identical to that in the crystal structure of the tris(2-cyanoethyl) derivative (Thallapally & Desiraju, 2000) .
Concluding comments
In this paper we have described the crystal structure determination of three tri-substituted molecular materials from conventional X-ray powder diffraction data. The difficulties encountered in the structure determination of two of these materials, (I) and (II), are not related to the traditional assessment of complexity based on the number of degrees of freedom for efficient direct-space optimization, but highlight more fundamental considerations for direct-space structure solution from powder diffraction, such as preferred orientation or deficiencies in the structural model. It is most likely that it is a combination of these factors that has prevented us from obtaining a good Rietveld profile fit for (I). In the case of (II) our study of the effect of side-chain conformation on the R factor illustrates the dramatic effect that the consideration (or omission) of a preferred orientation correction can have on a fitness search surface and the resulting direct-space structure Stereoview of part of the crystal structure of (III), showing the C(10) spiral chain parallel to [101] . Hydrogen bonds are shown as dashed lines. Table 4 Intermolecular hydrogen-bond parameters (Å , ) for (I)-(III).
Compound ( solution calculation. A successful optimization technique will only locate the global minimum of the surface that it explores, so it is the responsibility of the crystallographer to ensure that a suitable search surface is defined. In this case the use of soft geometrical restraints in refinement provided the side chains with the flexibility needed to adapt to the new R factor surface defined by introduction of a preferred orientation correction during Rietveld refinement, thus preventing constraint of the molecule in a 'false' refinement minimum and potential consideration of a crystal structure with the incorrect molecular conformation.
The crystal structures resulting from this work display contrasting behaviour with respect to the retention of threefold molecular symmetry in crystal packing. Although the retention of this molecular symmetry is common in phenoxybased triazine derivatives (Thalladi et al., 1998 (Thalladi et al., , 1999 , few other tri-substituted triazines display this behaviour. There are however, a small number of triazines, e.g. the triethynyl derivative (Ohkita et al., 2002) and the -form of the trimethoxy derivative (Fridman et al., 2004) , that display the distinctive hexagonal-type layer packing seen in (I) without requiring the retention of threefold molecular symmetry in the crystal packing. In all these cases this 'local' acentric structural feature is not extended into the bulk, as the stacking of layers results in the overall structure being centrosymmetric. However, it is the similarity between the layer structure of the triazine (I) and its benzene analogue (II) that is distinct from previous comparisons of other systems. We believe that this is a consequence of the presence of sufficient hydrogen-bond donors and acceptors in the ethyl carboxylate side chains, and the resulting exclusion of heterocyclic N and aromatic CH atoms from the hydrogen-bond network within the layers of (I) and (II), respectively. Despite this, both systems maintain the characteristic trigonal non-centrosymmetric network with alternating 'unlike' substituents on neighbouring molecules pointing directly at each other. The lack of symmetry in the molecule of (II) allows the formation of an additional weak hydrogen-bonded helical motif between the layers and extension of non-centrosymmetry into the bulk structure. It is interesting to note that in all three comparative studies, the triazine-based materials display higher molecular symmetry in their crystal structure than the benzene-based equivalents. However, the possibility of polymorphism in these materials, and the differences observed in molecular symmetry between polymorphic forms of triazines (Fridman et al., 2004) and isocyanurates (Mariyatra et al., 2004) with C 3 molecular symmetry, makes the controlled design of materials through the transfer of such molecular symmetry to crystal symmetry a continuing challenge.
